Introduction
Limiting the amount of feed given to gestating sows is one method that swine producers use to minimize reproduction costs. Results from most studies indicate that the imposition of moderate energy restrictions below established (NRC, 1973) requirements during gestation reduces piglet birth weight, but only severe energy or protein restriction reduces litter size (Atinmo et al., 1974; Hovell et al., 1977) Elliot and Lodge (1977) found that limiting the energy intake of dams in late gestation significantly reduced hepatic glycogen levels and tended to decrease skeletal muscle glycogen in the progeny at birth. Since glycogen accumulates in the fetal liver and skeletal muscles to maximal levels just before birth (Randall and l'Ecuyer, 1976) , subjecting the gestating dam to diet restriction could decrease the newborn pig s chances of survival. Okai et al. (1978) reported 20.8 and 18.2 g glycogen-/100 g wet weight liver and muscle tissue, respectively, whereas Curtis et al. (1966) , Elliot and Lodge (1977) Hakkarainen (1975) and Swiatek et al. (1968) reported lower glycogen values of approximately 14 and 8 g/100 g wet weight liver and skeletal muscle, respectively. Liver glycogen is the primary source of energy available to the newborn piglet since body fat composes only about 1% of the body weight (B. de Passill6, 1978; Elliot and Lodge, 1977; McCance and Widdowson, 1959) , and the sharp decline in liver glycogen levels within 12 to 24 hr postpartum indicates that it is mobilized rapidly for the maintenance of blood glucose levels (Elliot and Lodge, 1977; Okai et al., 1978) . Muscle glycogen concentration decreases more gradually and is probably utilized primarily for shivering thermogenesis and physical activity (Elliot and Lodge, 1977; Hakkarainen, 4 Contribution no. 873. 1975; Okai et al., 1978) . 620 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 3, 1980 Few investigators have examined the effects of diet restriction during gestation on the neonate's physiological status. This investigation was undertaken to quantify some of these effects by measuring a number of blood and tissue parameters of the piglet at birth 9
Materials and Methods
Ten purebred Yorkshire gilts were bred at first detectable estrus at a mean weight and age of 97 kg and 180 days, respectively. The gilts were drawn from a population in which the control level of feed intake was maintained at a level slightly lower than recommended (NRC, 1973) to reduce gestation weight gain. After mating, the dams were moved into individual 3.7 x 1.5 m pens, where they remained for the duration of the experiment. All pens were disinfected before entry of the dams and thereafter were cleaned and bedded with fresh wood shavings daily. The temperature of the barn was kept relatively constant at approximately 21 C.
The composition of the diets is listed in table 1. The diets were identical except that the levels of trace minerals and vitamins were increased in the restricted diet to provide intakes equal to those of the control diet. All gilts were fed 1.36 kg of the control diet per day until day 85 of gestation, at which time the daily intake of five gilts was reduced to .45 kg of the restricted diet until farrowing. The gilts were fed daily at 1500 hr, and, from day 85 of gestation onward, they were weighed every morning. Prefarrowing weight, as discussed in this paper, refers to the weight that was recorded on the morning of the day of farrowing, and postfarrowing weight is that taken the next morning, when farrowing was completed.
Farrowings took place from October to December 1977. The gilts were observed continuously when labor began and the team responsible for data collection was assembled when farrowing was imminent 9 At no time during the farrowings was it necessary for the researchers to interfere with or aid in the delivery of the piglets. Within 1 min of birth, blood was collected from the umbilical artery into three 130-/al heparinized glass capillary Cc alculated.
tubes s and mixed immediately. If the umbilical corn was not broken at delivery, it was severed manually prior to sampling. Body weight and sex were recorded, and the piglet was stunned by a blow to the head, the abdomen opened and blood taken from the abdominal aorta into two lO-ml vacutainers (plain and heparinized). The elapsed time from birth until the collection of this sample averaged 2 minutes. The piglet was then exsanguinated and triplicate samples (approximately 1 g) of the liver and longissimus and semitendinosus muscles were taken and prepared for glycogen analysis as described by Elliot and Lodge (1977) . All tissue samples were extracted within 3 to 5 rain of birth. The entire liver and the two muscles were then excised and weighed. The final tissue weights were corrected for the samples removed for glycogen analysis.
Since the data collection team could process only one pig at a time, data were not obtained for some of the piglets born in rapid succession. Ninety-five piglets were born, and blood and (or) tissue samples were obtained from 66. In addition, portions of the data from some of the 66 piglets had to be discarded; some blood gas data were rejected as a result of contamination with air or because of insufficient sample quantity, and some blood lactate data were discarded because of prolonged sampling time.
Immediately after collection, the umbilical blood sample was analyzed in duplicate for pCO2, pO~ and pH with a blood gas analyzer 6 and plasma glucose levels in the abdominal aorta blood sample were determined with a Beckman II Analyzer. Blood samples (100/al) were deproteinized in ice-cold perchloric acid and stored at -16 C until analyzed for lactate. Blood lactate was estimated by an enzymatic method with a commercial kit 7. The samples of liver and muscle were processed and analyzed for glycogen as described by Elliot and Lodge (1977) .
Data on the 10 gilts were analyzed by analysis of variance (Steel and Torrie, 1960) , and piglet data were analyzed by least-squares analyses for unbalanced subclass numbers (Searle, 1971) by the General Linear Models procedure (Barr et al., 1976 Normality of the error term was assumed for hypothesis testing. The dependent variables included the following piglet parameters: blood pO2, pCO2, pH, lactate, plasma glucose, weights and glycogen concentrations in the liver and longissimus and semitendinosus muscles. The effects of treatment, dam and sex on piglet birth weight were also tested.
Results and Discussion
Means and standard deviations of gestation weight changes and weights of piglets from the two groups of gilts are presented in table 2. There were no significant differences in age and weight at the time of breeding or in 85-day weights. Lower (P<.05) values for the restricted group for prefarrowing weight, postfarrowing weight and gestation weight change reflect weight loss (3.2 kg) between day 85 of gestation and farrowing of the restricted group and weight gain (15.0 kg) of the control group. The weight loss was not as great as reported in a previous study with sows (Elliot and Lodge, 1977) in which feed restriction was imposed from day 100 of gestation to parturition. This apparent discrepancy may reflect a difference in the response to pregnancy between growing gilts and mature sows.
Average number of pigs born per litter was similar for the control and restricted groups (9.6 vs 9.4). No differences were expected since restriction in late gestation could not affect ovulation rate or implantation. Average litter weight from the restricted dams was 2 kg less than that of litters from the controls, although the difference was not significant because of high variation. Least-squares.analysis of the factors influencing birth weight of individual piglets showed that a significant portio n of the variation in birth weight was due to variation among dams, and when this variation was accounted for (sex, nonsignificant), average individual piglet birth weight was significantly lower in the restricted group. However, gestation length tended to be shorter in the restricted group, a factor which may have contributed to the tendency for litters of restricted gilts to weigh less at birth. The results of the present study are in agreement with those of previous studies reviewed by Lodge (1972) and Pond (1973) in which moderate restrictions in energy or daily feed allowance during gestation reduced piglet birth weight but had no effect on litter size. A summary of treatment means and standard deviations of piglet tissue weights and glycogen concentrations is presented in .o e.. o o sex and birth weight were taken into account in determination of the treatment effect, and these four independent variables accounted for 60% or more of the variation in the dependent variables.
As expected, birth weight accounted for a significant portion of the variation in tissue weights, with heavier piglets having higher tissue weights. Sex had no effect, but dam effect was significant for liver and sernitendinosus muscle weights 9 The significantly lower liver and semitendinosus muscle weights indicate that restriction had an effect on the growth of these tissues in addition to its effect on birth weight. In contrast, the mean difference between treatments in longissimus muscle weight (table  3) was accounted for by birth weight, indicating that longissimus weight paralleled body weight. Therefore diet restriction in late gestation retarded growth of the liver and semitendinosus muscle differently than it did the growth of the body as a whole 9
Neither birth weight nor sex affected tissue glycogen concentration, although dam effect was significant, indicating high variability among dams. The effect of treatment was consistent for all three tissues, with piglets born to restricted dams having significantly lower glycogen concentrations. Least-squares estimates (table 5) indicate that piglets born to control dams had 1.43 1.03 and .97 g more glycogen per 100 g of liver, longissimus and semitendinosus tissue, respectively, than did piglets from the restricted dams. The mean hepatic glycogen value at birth for the control pigs is in agreement with estimates reported by Swiatek et al. (1968) and Hakkarainen (1975) (14.8 and 15 .2 g/100 g, respectively) 9 Lower hepatic glycogen levels of 12.7, 12.2 and 13.8 g/100 g wet weight were reported by Elliot and Lodge (1977) , Curtis et al. (1966) and Atkinson (1977) , respectively 9 Higher hepatic glycogen values, 20.8 and 18.7 g/100 g wet weight, were reported by Okai et al. (1978) and Seerley et al. (1974) , respectively. The two-to threefold increase in liver weight from approximately day 90 to the end of gestation (Widdowson, 1971) coincides with the accelerated accumulation of glycogen in that tissue (Randall and l'Ecuyer, 1976; Okai et al., 1978) . Therefore, at least some of the reduction in liver weight among piglets from restricted dams was probably due to a reduction in glycogen deposition 9
Deposition of glycogen in skeletal muscle begins earlier in fetal life; its rate of accumula-,-m. ~< tion is slower and its concentration at birth is only one-half that of the liver (Hakkarainen, 1975; Randall and l'Ecuyer, 1976) . Therefore glycogen concentration in skeletal muscles would be expected to be less affected by dietary restriction during late gestation than would that in the liver. This hypothesis is supported by the results of a study by Elliot and Lodge (197 "z) in which the prenatal feed restriction was less severe than in the present study resulting in a reduction of glycogen concentration in the liver but not in the longissimus muscle. In the present investigation, hepatic glycogen concentration was 8% lower in piglets from restricted dams than from controls, whereas levels in the longissimus and semitendinosus muscles were only 7 and 5% lower, respectively. A summary of the means and standard deviations of piglet blood parameters by treatment is presented in table 6, and the F values and levels of significance of the leastsquares analyses are shown in table 7. None of the models accounted for more than 48% of the variation in the dependent variables. Treatment had no significant effect on the blood gas tensions or on blood glucose levels, indicating that these parameters were unaffected by the gestation diet restriction.
Differences among dams accounted for a significant portion of the variation in piglet pO2 and plasma glucose levels. These differences are difficult to explain, but they may reflect such things as litter size, duration and difficulty of farrowing and (or) the variation in the individual metabolic profiles of the dams themselves. Neither sex nor birth weight significantly affected any of the dependent variables except blood glucose. Least-squares estimates (table 5) show that piglet birth weight varied in a positive manner with blood glucose concentrations (P<.05). Meyer et al. (1976) reported that underweight piglets (<1,200 g) tended to have lower blood glucose concentrations at birth than did piglets over 1,200 g (60.9 and 72.4 mg/100 ml, respectively). However, Siers et al. (1976) reported that piglets of lower birth weight tended to have elevated blood glucose concentrations, reduced survival rates to 14 days of age and poor growth rates as measured by body weight at 120 days of age. Both groups of investigators reported elevated blood lactate concentrations at birth in lighter-weight piglets, whereas in the present study, birth weight had no effect on lactate.
Since piglet pCO2, pO: and glucose were not affected by treatment in this study, we believe that the observed effect of diet restriction during gestation on piglet blood pH and lactate was not due to birth asphyxia, but to metabolic alterations of the offspring associated with the dietary intake restriction of the dam.
Least-squares estimates (table  5 ) illustrate the relationships of piglet blood parameters between the control and restricted groups.
Although it has often been stated that the dam has a considerable capacity to supply nutrients to the fetus at her own expense, the severity of feed restriction in this study significantly reduced piglet birth weight, decreased liver and muscle glycogen concentrations and altered blood pH and lactate concentrations at birth. However, the specific metabolic alterations caused by prenatal feed restriction are as yet undetermined. 
